and therefore a land-use-based technique for correlation of stone decay and air quality is 23 employed. Decadally averaged stone decay is highly correlated with land use averaged spatially 24 over an optimum radius of 7 km even though air quality, determined by records from the UK 25 monitoring network, is not highly correlated with gravestone decay. The relationships among 26 stone decay, air-quality, and land use is complicated by the relatively low spatial density of both 27 gravestone decay and air quality data and the fact that air quality data is available only as 28 annual averages and therefore seasonal dependence cannot be evaluated. However, acid 
Introduction

35
From the onset of the Industrial Revolution until the environmental revolution of the 1970s 36 Britain was plagued by air pollution from industrial, urban, and residential sources (Sale and 37 Foner, 1993; McCormick, 2013). The largest contributors to air pollution were particulate 38 matter (smoke) and acid in the form of oxides of nitrogen (NOx) and sulfur (SOx) compounds, 39 particularly sulfur dioxide (SO2). (Marsh, 1978; Bricker and Rice, 1993) . As early as the 1840s 40 there were efforts to measure air pollution in British cities (Moseley, 2009 ) and Smith (1876) 41 determined that the burning of coal was the principle source of "acid rain." It was not until 42 about 1960 that the network was greatly expanded with the establishment of the National 43 Survey, which measured daily smoke and sulfur concentrations at over 500 locations (Moseley, 44 2009). Prior to 1960, air quality measurements were limited in spatial and temporal coverage 45 and often described anecdotally, particularly during severe air quality events. Proxy records 46 have been used to reconstruct air quality; these records include physical descriptions (Allen 47 1966; Allen 1994; Auliciems and Burton, 1973; Fenger, 2009 health related studies of mortality and morbidity related to acute and chronic respiratory 53 ailments (Macfarlane, 1977; Spix et al. 1993; Ito et al. 1993; Greenstone, 2004) . 54 A proxy that has been used successfully to evaluate historical trends in acid deposition is 55 surface recession of Carrara marble gravestones (Cooke 1989 Thornbush, 2013; Viles, 1996) , hereafter referred to as gravestone decay to be consistent with between stone decay and air quality is poor.
83
Because acid deposition is directly related to proximity of sources of SO2 and NOx, a land-84 use based approach for correlation of gravestone decay rates with air quality is developed.
85
Sensitivity and optimization analysis were used to determine the optimum radius of influence 86 of land use on gravestone decay and weighting factors for interpolating intermediate values of 87 decay. In addition, if stone decay is assumed to result primarily from deposition of sulfuric acid 88 then stone decay rates are functions of the production rate of sulfuric acid from SO2 oxidation.
89
The relationship between stone decay and atmospheric concentration is nonlinear, suggesting a Cemetery was revisited and additional data were acquired to constrain post 1950 decay rates. 106 Cemeteries, their locations, and associated data are listed in Table 1. 107 26 air quality monitoring stations lie in the study area; their locations are shown in Figure   108 1B and the annually averaged SO2 and smoke concentrations for all stations are shown in Figure   109 2. Despite the expansion of the air-quality monitoring network after 1960, there is still a general 110 lack of temporal and spatial continuity of records. The period of record of each monitoring 111 station is highly variable; many stations were only in operation for short periods of time (Table   112 2). 
Optimization of Parameters
167
The initial optimization of weighting of the residential land-use and radius of influence were 168 done using inverse distance weighting as it provides easy variation of parameters. In its 
Results
227
Decay rates
228
Gravestone decay for the 33 cemeteries included in this study is shown in Figure 3 
Land Use and Optimization of Parameters
Digitized land use is shown in Figure 5 and the results of the optimization of parameters for 251 the land-use analysis using IDW are shown in Figure 6 and Table 3 Table 4 shows the correlation coefficients of land-use vs. stone decay rates using the point- 
Directional dependence of land use on gravestone decay
295
The correlation between interpolated land use and gravestone decay rate for the 296 directionally dependent search patterns are shown in Table 5 due to nitric acid cannot explain the observed trends.
367
As sulfuric acid production falls in response to decreased SO2 concentrations, so the extent of 368 neutralization by ammonia is likely to increase, hence reducing sulfate acidity and working in 369 the opposite sense to Figure 10 . An alternative role for ammonia is in enhancing the deposition 370 efficiency of SO2 through co-deposition (Erisman and Wyers, 1993) . This is expected to 371 enhance SO2 deposition efficiency at lower concentrations, and if followed by oxidation of the 372 SO2 leads to enhanced sulfate concentrations, although not necessarily to sulfuric acid.
373
As overall air quality improves four trends are evident; 1) the correlation between interpolated 374 land use and stone decay becomes less (Table 4) , 2) the effective radius of influence of land use 375 on local air quality increases (Table 4) Midlands over this time (Spencer et al., 1986 ).
381
Finally, interpolated land use and the correlation with SO2 and smoke can be used to estimate 382 average air quality over the study area for each decade (Figure 11 ). Table2. Name and location of air-quality monitoring stations active within the study area, their location (UTM), and period of record. 
